Poor nutritional status is associated with other geriatric domain impairments and adverse postoperative outcomes in oncogeriatric surgical patients

Introduction
Cancer is primarily a disease of the elderly. Currently, 50% of all malignancies are diagnosed in patients 65 years and older and it is predicted this percentage will increase to 70% by 2030 1 . Surgery plays an essential role in the treatment of solid tumours and it is therefore expected that increasing numbers of onco-geriatric patients will require surgery. Whilst fit onco-geriatric patients might recover from surgery as well as their younger counterparts, it is acknowledged that patients with geriatric domain impairments are at an increased risk of adverse postoperative outcomes, mortality and discharge to a non-home institution [2] [3] [4] [5] . The preoperative identification of these impairments, utilizing screening elements of a Geriatric Assessment (GA), is essential in this heterogeneous population of onco-geriatric surgical patients.
Though not frequently included in a GA 6 , nutritional status (NS) is one of the geriatric domains that is frequently impaired in onco-geriatric patients [7] [8] [9] . Recent studies on middleaged and elderly cancer patients, reported high numbers of patients at nutritional risk or being malnourished (32% to 64.2%) [7] [8] [9] . These studies were performed amongst cohorts in which the majority of patients was diagnosed with advanced disease (80.6% stage III/IV and 46.3% with metastases, respectively) 7, 9 and frequently underwent chemotherapy with palliative intent (58.3%) 8 . Advanced disease is a known risk factor for malnutrition and many chemotherapeutic treatments are infamous for their side effects, such as nausea, vomiting and mucositis, increasing the risk for malnutrition even further 10, 11 . However, in recent surgical onco-geriatric cohorts with fewer patients with advanced disease, the prevalence of an impaired NS or risk thereof was also as high as 34 .1% and 48%, respectively 12, 13 .
As nutritional impairment is rather a multifactorial than an isolated problem, improving the understanding of geriatric domain impairments associated with malnourishment could lead to timely preventive measures 14 . For that, the aim of this study was to analyse the association between preoperatively impaired NS, the impairments in other geriatric domains, and the occurrence of adverse postoperative outcomes in onco-geriatric surgical patients.
Materials and methods
Design and cohort definition Data were derived from the Preoperative Risk Estimation for Onco-geriatric Patients 92 (PREOP) study, an international prospective cohort study. The PREOP-study was approved by the appropriate ethics committees and was registered at the Dutch Trial register (Trial ID: NTR1567) and United Kingdom register (Research Ethics Committee reference: 10/ H1008/59).
Data deriving from centres that included less than ten patients were excluded from analyses, to reduce the influence of selection bias. Of the 14 medical centres initially adhering to the project, eight were able to enrol ten or more patients in the present study. When peri-or postoperatively patients appeared to have a benign condition (n=19), they were excluded from further analyses as the association between cancer and NS is an important factor in the current analyses.
The detailed cohort definition and study protocol were published previously 12, 15 . In summary, patients aged 70 years and older, undergoing elective surgery for a solid tumour were included.
Preoperatively, a battery of screening tools, assessing all domains recommended for a GA, was administered ( Table 1) .
Screening tools that assessed multiple geriatric domains were excluded from analyses, as these will not provide an answer to the research question of the current study. Complications up to 30 days after surgery were registered using the Clavien-Dindo classification. Major complications were defined as grade three to grade five, which were complications requiring surgical, endoscopic or radiological intervention (grade 3); life threatening complications requiring intensive care management (grade 4); and death of a patient (grade 5) 26 .
Nutritional status
To determine the risk for an impaired NS, the nutritional risk screening (NRS) scale, based on the NRS-2002, was used 24 . Patients were stratified according to the following criteria:
-Normal NS -Mildly impaired NS: weight loss greater than 5% in the previous three months or a food intake below 50-75% of normal requirement in the preceding week;
-Moderately impaired NS: weight loss greater than 5% in the previous two months or a body mass index (BMI) between 18.5 and 20.5 kg/m 2 and impaired general condition or a food intake below 25-50% of normal requirement in the preceding week;
-Severely impaired NS: weight loss greater than 5% in the previous month or a weight loss greater than 15% in three months or a BMI less than 18.5 kg/m 2 and an impaired general condition or a food intake below 25% of normal requirement in the preceding week.
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Statistical analysis
Results on the geriatric screening tools and the occurrence of major postoperative complications were analysed as dichotomized values, based on predefined, literature based cut-off points.
Categorical data were described as frequencies and proportions, and continuous variables as median and interquartile range (i.q.r.).
For further analyses, NS was considered as a dependent variable. Logistic regression analysis was used to estimate odds ratio's (OR) and 95% confidence intervals (95% CI), which were at least adjusted for centre. Both complete cohort analyses as well as a sub-group analyses for patients with intra-abdominal tumours were performed. Firstly, the associations between patients' demographics and disease characteristics and NS (impaired versus normal) were estimated. Subsequently, the associations between the geriatric screening tools and NS were estimated in a model adjusted for centre (model 1) and in a model adjusted for statistically significant confounders (model 2 for the complete cohort or model 3 for patients with intraabdominal tumours).
The association between an impaired NS and other geriatric domain impairments as independent variables and the occurrence of major postoperative complications as a dependent variable, was estimated using backwards stepwise logistic regression analysis, whilst forcing statistically significant patients' and disease characteristics into the model 12 . The association between an impaired NS and 30-day mortality was evaluated using Fisher's exact test.
Missing values for the geriatric screening tools were addressed by multiple imputation, as the missing values were supposed to be missing (completely) at random. Multiple imputation was performed for the total scores on the questionnaires and was based on available results on the screening tools, age, gender, living situation, preoperative haemoglobin level, type of tumour, tumour stage, type of surgery and number of comorbidities 12, 27 . The reported results on the screening tools were pooled values, which were average values calculated from the five imputed datasets 12 .
Missing values for tumour stage (n=32) were not addressed by multiple imputation, leading to multivariate logistic regression analyses of 277 cases for model 2. Sensitivity analyses were performed for model 1, to discover possible discrepancies between complete case analyses based on model 2 and analyses of the entire cohort.
Data analysis and multiple imputation were performed using IBM SPSS Statistics 23.
P-values ≤ 0.05 were considered statistically significant.
Results
Baseline characteristics
Data of 309 patients deriving from eight medical centres were analysed. Baseline characteristics are shown in table 2. A total of 190 patients were female (61.5%) and the median age was 76 years (i.q.r.: 8). The vast majority of patients had an intra-abdominal tumour (n = 207; 67%).
Patients were most frequently planned for colorectal and breast cancer surgery (n=117, 37.6% 95 
Geriatric domains associated with nutritional status
A total of 65.4% of the patients with an ECOG PS >1 had an impaired NS (Table 4 ).
Furthermore, an impaired functional status or signs of depression were frequently accompanied by an impaired NS (51.9% of TUG >20 , 50.7% of ADL >0 and 50.6% of GDS >5 ). The majority of patients that did not have a geriatric domain impairment, had a normal NS as well (ranging from 68.9% for TUG ≤20 to 73.7% for IADL 8 
Nutritional status and adverse postoperative outcomes
A total of 160 (51.8%) patients experienced at least one complication within 30 days after 97 We therefore reinforce the statement that the assessment of NS preoperatively, allows a clear understanding of the operative risk.
Discussion
Onco-geriatric patients undergoing elective surgery, can be considered a selected and thus relatively fit part of the onco-geriatric population 28 . Nevertheless, an impaired NS was frequently seen in this cohort of onco-geriatric surgical patients (34.6%). An impaired NS was associated with both tumour characteristics and an increased number of other comorbidities as well as decreased performance status, signs of depression and an impaired functional status.
An impaired NS is an important predictor for major complications including death.
The prevalence of an impaired NS is comparable with several other cohorts of onco-geriatric patients, whilst a lower prevalence was to be expected as fewer patients (38.2%) were diagnosed with advanced disease [7] [8] [9] . This discrepancy between observed and expected values can be explained by either an underestimation of the prevalence of malnutrition in the other cohorts, an overestimation in the current study or by the fact that the other cohorts concern selected patients as well, i.e. with no or few geriatric domain impairments. Bozzetti et al.
assessed NS using the NRS-2002, which is similar to the nutritional screening in the current study and has proven to be suitable for use in hospitalized patients and, specifically, in cancer patients 7, 29 . The study by Aaldriks et al. administered the Mini Nutritional Assessment, which has been validated for elderly people, with a sensitivity of 96% and specificity of 98% in elderly patients (not specifically cancer patients), and was found to be able to detect a risk of malnutrition before changes in weight or albumin levels occurred 8, 30 . Thus underestimation of the prevalence of malnutrition in the other studies or an overestimation in the current study are unlikely.
It is likely that these cohorts of patients, undergoing active anti-cancer treatment or at least able to attend an ambulatory consultation, consist of selected and relatively fit patients as well. This hypothesis is substantiated by the higher prevalence of (risk of ) malnutrition in another study of onco-geriatric patients by Paillaud et al. (64.2%) 9 . Participants of this study were patients that were referred to a geriatric oncology clinic, thus with a higher a priori chance of geriatric domain impairments. This was subsequently confirmed by, for example, a PS >1 in 50.4% of patients, compared to 16.8% in the current cohort and 20% in the The results of the current study show that in onco-geriatric patients, independent of tumour site and stage and comorbidities, impairments in the geriatric domains performance status, mood and functional status are associated with the risk of an impaired NS. The results maintained in a sub-group analysis on patients with intra-abdominal tumours, whom are at greatest risk for both an impaired NS 7, 9 and adverse outcomes after major surgery 12 . The results are comparable to results found in different studies including onco-geriatric patients or elderly hospitalized patients 9, [31] [32] [33] . Other associated geriatric domain impairments were cognitive and mobility impairments, which were assessed with the MMSE, TUG and risk of falls. 101 5
The importance of preoperative nutritional screening is emphasized by the fact that out of all geriatric screening tools, an impaired NS -combined with TUG-score and ASA status -was best in predicting the occurrence of major postoperative complications. On top of that, ten out of 11 patients who deceased within 30-days postoperatively, had an impaired NS. Similarly, in patients ≥65 years undergoing pancreaticoduodenectomy for benign disease, a 'Severe Nutritional Risk' was found to be a prognostic factor for long-term survival (adjusted hazard ratio 2.74; 95% CI 1.25-6.02) 34 . Furthermore, NS, assessed either by the MNA-score, recent weight loss, body mass index (BMI) or serum albumin levels, are known prognostic factors of survival and response to chemotherapy in cancer patients 5, 8, 35 . The use of nutritional interventions in order to improve these outcomes has not been clearly established yet 35, 37, 38 . A meta-analysis on the influence of nutritional support on adverse outcomes in cancer patients, showed no advantage for the intervention arms 37 . It was noted that the lack of effect might be attributed to poor study designs and heterogeneous patient populations. However, colorectal cancer patients subjected to a so-called trimodal prehabilitation program, consisting of nutritional counselling, protein supplementation, anxiety reduction exercises and physical exercise, showed improved functional outcome after surgery 39 . Furthermore, over the last several years, multiple studies suggested that enhanced recovery programs for elderly surgical patients were feasible and led to equally positive results as compared to their younger counterparts [40] [41] [42] It can be hypothesized that the link between impaired NS, depression, functional impairment and adverse postoperative outcomes, is via inflammatory pathways. It is known that aging is accompanied by a low-grade inflammatory state and that increased levels of pro-inflammatory cytokines are associated with functional decline, multiple geriatric domain impairments, frailty and mortality in the elderly [44] [45] [46] . Furthermore, cancer patients, especially in an advanced stage, are at risk for cachexia. This is a complex and systemic syndrome characterized by loss of skeletal muscle mass (with or without loss of fat mass), often accompanied by reduced food intake and systemic inflammation and frequently leading to functional impairment 47 . Finally, bidirectional associations between diet and depression via inflammatory pathways, have been postulated. Diet can either promote or attenuate inflammatory effects, inflammation can induce 'sickness behaviour' including depressive symptoms in susceptible persons and depression can increase pro-inflammatory cytokine production 48, 49 . On top of that, depressed patients elicit higher inflammatory responses to physical and psychological stress 49 , thus putting them at increased risk for adverse outcomes after a major stressor such as surgery.
Future research should point out whether these hypotheses can be confirmed in an oncogeriatric population, in which multiple parameters (e.g. aging, tumour biology and cancer treatment effects) influence the inflammatory state 50 .
The main strength of our study is its comprehensive and detailed assessment of patients' demographics, disease characteristics and geriatric domains in a cohort of onco-geriatric surgical patients, who were prospectively recruited in multiple centres from different countries.
Previous studies have focused on impaired NS and its association with other geriatric domain 103 impairments in cohorts including many non-surgical patients with advanced disease and/ or undergoing palliative treatment, whereas the current study focused on patients that were considered fit for surgery and were, moreover, less frequently diagnosed with advanced disease. These results should raise awareness amongst surgeons on NS being a multifactorial and prevalent issue in their patient population.
An impaired NS is frequently seen in onco-geriatric patients considered to be fit for surgery.
The results of the current study confirm that an impaired NS is associated with functional impairments and possible depression in these patients. Moreover, our data substantiate that NS is an important risk factor for adverse postoperative outcomes. This emphasizes the importance of a geriatric assessment in onco-geriatric surgical patients and that a nutritional assessment should be an essential part of this. Identification of the patients with an impaired NS is of the utmost importance, especially as they might benefit from preventive strategies.
